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(54) INFRARED SENSOR 

(57)Abstract: 

PURPOSE: To provide an infrared sensor employing a 
thin film resistor which can be suitably employed in 
various applications by enhancing detection sensitivity 
significantly. 

CONSTITUTION: In an infrared sensor provided with an 
infrared detecting part comprising a resistor layer 40 
having a pair of electrodes 30, 30 formed on a thermal 
insulation film 20 supported, in hollow state, on a board 
10 which is mounted on the base 60 of a package, a part 
68 of the board 10 opposing through a space to the 
infrared detecting part is recessed from the jointing part 
of the board or a spacer 69 is provided at the joint of the 
board and the board is joined onto the spacer 69 thus 
lengthening the distance from the infrared detecting part 
to the surface of the base 60. This constitution blocks escape of heat from the infrared 
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detecting part to the surface of the base 60 thus enhancing sensitivity of infrared sensor. 
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* NOTICES* 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** ghows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the type-of-fever infrared sensor which detects infrared 

radiation using the resistance value change by temperature in detail about an infrared sensor. 

[0002] 

[Description of the Prior Art] High sensitivity is required in order that the infrared sensor used for body 
detection etc. may detect the radiant energy of feeble infrared radiation. Instead of the pyroelectric 
element currently conventionally used for the infrared sensor, development of the type-of-fever infrared 
detector using Si micro-machining technique is performed briskly recently. Since this has the property 
that resistance changes with change of temperature in a thin film resistor, it attaches the electrode of a 
pair in such a thin film resistor, and it will detect the temperature change of the thin film resistor by the 
infrared radiant energy. 

[0003] since the type-of-fever infrared component using such a thin film resistor is producible using a 
semi-conductor manufacture process, mass production method by batch processing, low-cost-izing, and 
integration with IC are possible for it ~ etc, — it has the description. Moreover, it excels also in the point 
without the problem which is the fault of a pyroelectric element that a noise occurs by vibration. 
However, since there was a big fault [ sensibility ] of being sharply low. compared with a pyroelectric 
element, it was difficult to apply to body detection etc. 

[0004] Then, the device for raising the sensibility of the type-of-fever infrared component using a thin 
film resistor is made variously. For example, while preparing an infrared detecting element on a heat 
insulation nature thin film object, the so-called diaphragm structure which removes the part 
corresponding to the background of an infrared detecting element by etching among the substrates which 
support this heat insulation nature thin film object, changes a heat insulation nature thin film object into 
a hollow condition, and is supported only on the outskirts is adopted. With this structure, since the heat 
of an infrared detecting element will be transmitted to a surrounding substrate side only through a thin 
heat insulation nature thin film object, the heat of an infrared detecting element cannot escape easily to a 
substrate side, and an infrared radiant energy can be efficiently changed into the temperature change of a 
thin film resistor, consequently detection sensitivity improves. 

[0005] Moreover, preparing a filter in the infrared incidence side of an infrared detecting element is 
performed. This filter can intercept the unnecessary wavelength component used as a noise, and can 
mitigate the reflection loss by the refractive-index difference with air, consequently can raise the 
sensibility of an infrared sensor while optical interference multilayers become the front face of the 
substrate which consists of silicon etc. from that by which coating was carried out and make it penetrate 
the wavelength range of the infrared radiation which it is going to detect good. 
[0006] In addition, the main improvement approaches in sensibility adopted conventionally have the 
approach of making high thermal resistance of** heat insulation nature thin film object, the approach of 
making high the temperature-drag coefficient (B constant) of** thin film resistor, the approach of 
raising the absorption coefficient of** infrared absorption film, etc. ** An approach is Si02 to a heat 
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insulation nature thin film object. While using an ingredient with low thermal conductivity [ like ], it is 
the approach of devising also geometrically as thickness is made thin or area for a centrum in said 
diaphragm structure is enlarged, and raising thermal resistance. 

[0007] ** If an amorphous silicon is used for a thin film resistor, said B constant becomes about 8000, 
also by few temperature rises, a big output change will be obtained and sensibility of an approach will 
improve. ** If **** (gold black) is used for the ingredient of for example, the infrared absorption film, 
since the rate of infrared absorption is 90% or more in an approach, an infrared radiant energy can be 
used effective in the temperature rise of a thin film resistor. Moreover, Si02 Since the absorption 
coefficient over the about 7-12-micrometer wavelength range applicable to the detection wavelength in 
the general infrared sensor for body detection is high, it is effective in the improvement in sensibility. 
[0008] . 

[Problem(s) to be Solved by the Invention] However, even if it adopts various kinds of above 
improvement approaches in sensibility, in order for there to be a limit in improvement in sensibility of 
the type-of- fever infrared detector using a thin film resistor and to put in practical use for various kinds 
of applications, sensibility is still insufficient. When using an infrared sensor for body detection 
equipment, sensibility is 1/10 or less as the infrared detector using a thin film resistor has the the same 
conditions of a peripheral device etc. compared with the conventional pyroelectric element, and in order 
to attain practically sufficient sensibility, specifically, an improvement is required. 
[0009] For example, by the approach of the aforementioned **, since the reinforcement of a thin film 
object will be insufficient and it will result in destruction when thickness of a heat insulation nature thin 
film object is made not much thin or area for a centrum is made large, there is a limit in the 
improvement effectiveness in sensibility by this approach. The ingredient of the usable thin film resistor 
which now excelled said amorphous silicon in the property further by the approach of the 
aforementioned ** is not found, but the improvement in sensibility beyond this is difficult. By the 
approach of the aforementioned **, fast improvement in a property more than current cannot be desired 
as an ingredient of the infrared absorption film. Moreover, even if the ingredient which excelled [ film / 
a heat insulation nature thin film object, a thin film resistor, / infrared absorption ] in the property is 
found, in the cost of an ingredient becoming high sharply, utilization is difficult. 
[0010] Then, the technical problem of this invention is in the infrared sensor which used the above thin 
film resistors to offer the infrared sensor which infrared detection sensitivity is raised sharply and can 
adopt it suitable for various kinds of applications. 
[0011] 

[Means for Solving the Problem] Among this invention that solves the above-mentioned technical 
problem, the infrared sensor of claim 1 was equipped with the infrared detecting element which consists 
of a resistor layer which has the electrode of a pair on the heat insulation film supported by the substrate 
in the state of hollow, and the part where said substrate separates space among pedestals, and meets an 
infrared detecting element in the infrared sensor which it comes to mount on the pedestal of a package 
has been dented rather than the joint of a substrate. 

[0012] The fundamental structure of infrared detectors, such as a substrate, and heat insulation film, an 
infrared detecting element, is the same as that of the infrared detector which used the conventional thin 
film resistor, and is good. Such an infrared detector is mounted in the package which consists of a metal, 
synthetic resin, a ceramic, etc., and an infrared sensor is constituted. The fundamental structure of a 
package is the same as that of the conventional usual infrared sensor, and is good. 
[0013] In this invention, the part which separates the space of the infrared detecting element of an 
infrared detector and the centrum prepared in the substrate among the fields in which the infrared 
detector of the pedestal of a package is carried, and meets is dented rather than the part which joins a 
substrate to a pedestal around the centrum of a substrate etc. Although its deeper, largest possible one is 
desirable if the flat-surface configuration and the depth of the crevice established in this pedestal can 
fully take the plane-of-composition product to the pedestal of a substrate and do not spoil the 
reinforcement of a pedestal etc., it is desirable to take into consideration the time and effort of 
processing of a crevice etc., and to make it at least the geometry of same extent as the flat-surface 
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configuration of a resistor layer or an infrared absorption layer in an infrared detecting element. 
[0014] According to the ingredient of a pedestal, the processing approach of a crevice can adopt the 
processing means of arbitration, for example, it can fabricate to shaping and coincidence of a pedestal, 
or can machine, or chemical processing means, such as etching, can be used for it. Next, in the infrared 
sensor of claim 2, in said same infrared sensor, a spacer is formed in the joint of a substrate among 
pedestals, and the substrate is joined on the spacer. 

[0015] That is, the joint of a substrate is made higher than the part which meets an infrared detecting 
element instead of processing a crevice on the part which meets the infrared detecting element of a 
pedestal, the configuration of a spacer and arrangement should be stabilized in a pedestal, and should 
join the substrate certainly - if it can set as a spacer does not disturb in the part which meets an infrared 
detecting element, it can set up freely. What is necessary is to take into consideration the support 
reinforcement of a substrate, the height of the whole package, etc., and just to set it as the need and 
sufficient height, although the height of a spacer can take the distance between an infrared detecting 
element and the front face of a pedestal so that it is made high. Ingredients currently used for a usual 
semiconductor device and a usual package, such as the same ingredient as a pedestal or a substrate, are 
used that the ingredient of a spacer should just be an ingredient joinable to a pedestal and a substrate. 
[0016] The ingredient of the resistor layer, infrared absorption layer, or heat insulation film of 
configurations of an infrared sensor other than the configuration of the crevice or spacer which was 
explained above and which is formed in a pedestal, for example, an infrared detecting element, structure, 
the supporting structure of the heat insulation film to a substrate, the configuration of a centrum 
prepared in a substrate can be constituted combining the configuration in the usual infrared sensor in 
arbitration. In addition, if the inside of a package is changed into the vacuum or the reduced pressure 
condition, the operation effectiveness of this invention increases more and is effective in the 
improvement in sensibility of an infrared sensor. 
[0017] 

[Function] In an infrared detecting element, the structure suitable for making high the temperature rise 
over fixed incidence energy can be presumed by performing a predetermined thermal performance 
rating based on the geometry of physical-properties values, such as thermal conductivity of the 
ingredient which constitutes an infrared detecting element, and the specific heat, and the structure. 
However, when this invention persons actually produced the infrared detector, and asked for the relation 
of the structure and temperature rise based on the above thermal performance ratings and thermal 
resistance became high to more than a certain fixed level, it became clear more that a temperature rise 
does not happen as estimate. 

[0018] It is thought that this is because heat conduction through the air which exists in the perimeter of 
an infrared detecting element comes to account for a big rate to transfer of the heat from an infrared 
detecting element to the exterior if prevented by that improve the concrete configuration structure of the 
ingredient of an infrared detecting element, for example, the heat insulation film, or diaphragm structure, 
and heat escapes from an infrared detecting element through the heat insulation film etc. good. 
Therefore, in this phase, even if it performs amelioration of the ingredient of the heat insulation film etc. 
more than it, it is seldom already helpful to improvement in sensibility of an infrared sensor. 
[0019] By the way, generally it is temperature Tl and T2. As for the amount Q of heat conduction which 
minds the gas which exists in the middle between [ of two sheets ] parallel monotonous, the average free 
process L of a gas molecule is expressed with the following formulas when smaller enough than the 
spacing d between parallel monotonous. 

Q=kappa A (Tl-T2)/d — here, they are the thermal conductivity of kappa:gas, and Axross section. 
[0020] Heat conduction through the gas of a between decreases and it turns out that the heat insulation 
of the infrared detecting element can be carried out good, so that spacing of an infrared detecting 
element and the structure which meets this will be enlarged, if the upper formula is applied to said 
infrared sensor. The infrared filter was prepared, and the front face of a pedestal opened spacing and has 
met the opposite side side of an infrared detecting element at the one side side of an infrared detecting 
element. Since the distance of an infrared filter and an infrared detecting element has the mounting 
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structure and the optical target of an infrared detector, and a constraint, it is set as about l-2mm, and 
cannot usually change this distance greatly. 

[0021] When this invention persons enlarged distance between an infrared detecting element and the 
front face of a pedestal based on such consideration, heat stopped being able to escape from an infrared 
detecting element easily, and it found out that it became possible to raise further the sensibility of the 
infrared sensor it was presupposed that it was a limitation conventionally. And among the invention in 
this application, by denting the part which separates space among pedestals and meets an infrared 
detecting element rather than the joint of a substrate, distance of an infrared detecting element and the 
front face of the pedestal which meets this can be enlarged, and heat transfer to the front face of a 
pedestal can be prevented from an infrared detecting element by claim 1 . It has the advantage that the 
thickness of a pedestal is the same as the case where a pedestal with a flat front face is used for this 
structure, and is good, and there is also no fear of the thickness of the whole package increasing. 
[0022] Moreover, in claim 2, by forming a spacer in the joint of a substrate among pedestals, and joining 
the substrate on the spacer, distance with said front face of the pedestal which could come with the 
infrared detecting element similarly and was boiled and which meets can be enlarged, and heat transfer 
to the front face of a pedestal can be prevented from an infrared detecting element. Since this structure 
can fully secure the thickness of a pedestal, it has the advantage that the mechanical strength and 
endurance of a pedestal are good. 

[0023] In addition, in this invention, heat transfers from an infrared detecting element to a pedestal are 
more reducible by improving the heat-conduction property of the gas which exists between an infrared 
detecting element and the front face of a pedestal. If the gas with small thermal conductivity is enclosed 
in the package of an infrared sensor or it specifically changes into a vacuum or a reduced pressure 
condition, the value of thermal conductivity kappa in said formula will become small. 
[0024] 

[Example] Subsequently, the example of this invention is explained below, referring to a drawing. The 
whole infrared sensor structure is shown in drawin g 1 . On the substrate 10 which consists of silicon 
etc., the heat insulation film 20 which consists of silicon nitride, silicon oxide, etc. is formed, and the 
infrared detecting element equipped with the wrap infrared absorption layer 50 is formed on the heat 
insulation film 20 in the front face of the electrode layers 30 and 30 which consist of chromium the 
resistor layer 40 which consists of an amorphous silicon etc., and whose resistor layer 40 are pinched 
from the upper and lower sides, and the resistor layer 40. The pads 32 and 32 for wiring connection are 
formed in the edge of the electrode layers 30 and 30. Removal formation of the centrum 12 is carried out 
at the substrate 10, the heat insulation film 20 is in the hollow condition in the part of this centrum 12, 
and the so-called diaphragm structure consists of backgrounds of the heat insulation film 20 
corresponding to the installation part of an infrared detecting element. 

[0025] The infrared detector of the above structures is enclosed with a package, and serves as an infrared 
sensor. Junction loading of the substrate 1 0 of an infrared detector is carried out through cement 62 on 
the pedestal 60 which consists of a ceramic, a metal or synthetic resin, etc. The rod-like terminals 64 and 
64 penetrate the vertical side of a pedestal 60 in a pedestal 60, and are attached in it. Wiring connection 
of the upper limit of terminals 64 and 64 and the pads 32 and 32 of an infrared detector is made by the 
bonding wire 66. 

[0026] The crevice 68 is formed in the part which meets the infrared detecting element 40 of an infrared 
detector, i.e., a resistor layer, and the infrared absorption layer 50 among pedestals 60, and the front face 
is low rather than the part where a substrate 10 is joined. That is, it is large rather than the distance to the 
part where the distance to the base of a crevice 68 joined the heat insulation film 20 to the substrate 1 0 
to the pedestal 60 through the centrum 12 of the heat insulation film 20 which prepared the infrared 
detecting element to the substrate 10. 

[0027] The lid 70 of the shape of a cap which consists of a metal etc. is put above a pedestal 60, and 
where an infrared detector is enclosed, it is joined to the pedestal 60. The building envelope surrounded 
with this pedestal 60 and lid 70 can be filled up with inert gas, or can change it into a reduced pressure 
condition. Penetration formation of the aperture is carried out and the filter 72 is attached in the part 
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which meets the infrared detecting element 40, i.e., a resistor layer, and the infrared absorption layer 50 
among lids 70 at this aperture. Infrared high glass, an infrared high lucite, etc. of permeability which are 
going to detect a filter 72 are used. 

[0028] About the manufacture approach of the infrared sensor equipped with the above structures, the 
manufacture approach of an infrared detector part is mainly explained especially. First, the heat 
insulation film was formed on the silicon substrate. That is, a reduced pressure CVD method is used and 
it is Si3 N4. 0.1 micrometers and Si02 It is Si3 N4 further 0.4 micrometers. 0.1 -micrometer 
continuation formation was carried out and the heat insulation film which consists of multilayers of a 
three-tiered structure was formed. 

[0029] The infrared detecting element was formed on this heat insulation film. By EB vacuum 
evaporationo, 0.2 micrometers of Cr(s) used as a lower electrode were formed, and it was processed into 
the pattern predetermined by the photolithography. On the lower electrode, by the plasma-CVD method, 
1 micrometer of amorphous silicons used as a resistor layer was formed, and it was processed into the 
predetermined pattern. Si02 which serves as infrared absorption film by the plasma-CVD method on 
this resistor layer 1.5 micrometers was formed and it was processed into the predetermined pattern. 
Thus, the flat-surface configuration of the formed infrared detecting element had the shape of a square 
of 1mm angle. In addition, on one substrate, a total of four infrared detecting elements which were 
described above was formed, and wiring connection was made at the shape of a bridge. 
[0030] From the rear-face side of the field in which the infrared detecting element was formed among 
substrates, it etched with the potassium hydroxide, the substrate was removed in the shape of a pattern, 
and the centrum was formed. Thus, the magnitude for a centrum of the formed heat insulation film had 
the shape of a square of 1.5mm angle. Thus, after having carried out die bonding of the produced 
infrared detector, mounting it on the pedestal of a package and making wiring connection by 
wirebonding, it closed with the lid. The crevice with a width of face [ of 1 .5mm ] and a depth of 1 .5mm 
was formed in the part which meets the pedestal used at this time with the infrared detecting element of 
an infrared detector. 

[0031] When incidence of the infrared radiation of the fixed energy irradiated from the blackbody 
furnace was carried out to the infrared sensor manufactured as mentioned above and the temperature rise 
at that time was measured, they were O.Smdegree C / 0.1 microwatts. Although it had the same structure 
for the comparison, when the infrared sensor which has not prepared the crevice was manufactured to 
the pedestal and same measurement was performed, temperature rises were 0.3mdegree C / 0.1 
microwatts. This shows that the but more big temperature rise with the energy of the infrared radiation 
which carried out incidence [ conventionally / the infrared sensor of structure ] same [ the infrared 
sensor of this example ] is acquired. That is, heat cannot escape from an infrared detecting element 
easily, infrared energy will be changed effective in the temperature rise of a resistor layer, and high 
output sensibility will be obtained. 

[0032] Next, the example shown in drawin g 2 is the case where the spacer is formed, instead of forming 
the crevice in the pedestal. Since fundamental structure is the same as said example, the same sign is 
attached to a common part and the part from which a configuration differs is mainly explained. The 
structure of an infrared detector is completely the same as said example. A crevice like said example is 
not formed in the pedestal 60 of a package, but the whole surface is evenly formed in it. On this pedestal 
60, the spacers 69 and 69 which consist of the same ingredient as a pedestal 60 etc. are joined by the part 
which joins the substrate 10 of an infrared detector, and the substrate 10 is joined through the jointing 
material for corrugated fibreboard 62 on these spacers 69 and 69. Therefore, the distance from the heat 
insulation film 20 of an infrared detecting element to the front face of a pedestal 60 becomes the die 
length which applied the thickness of a spacer 69 to the thickness of a substrate 10. 
[0033] It has checked that a high temperature rise was shown like said example, and the improvement in 
sensibility of an infrared sensor could be achieved also about the above-mentioned example when a 
temperature rise is measured like said example. 
[0034] 

[Effect of the Invention] By having taken a large distance from the front face of the pedestal which 
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mounts within a package the substrate with which the infrared detecting element was prepared to an 
infrared detecting element, the infrared sensor concerning this invention described above was able to 
prevent good that heat escaped from an infrared detecting element to the front face of a pedestal, and 
was able to raise sharply the detection sensitivity of the infrared radiation in an infrared detecting 
element. 

[0035] Consequently, conventionally, by the type-of-fever infrared sensor using a thin film resistor, it 
becomes possible to raise still more greatly the detection sensitivity considered that there is a limitation, 
and can contribute to utilization of this seed infrared sensor, or expansion of an application greatly. 
Moreover, in this invention, only by establishing a crevice in a pedestal or attaching a spacer, since an 
expensive ingredient is not used for an infrared detecting element etc, or neither complicated structure 
nor special down stream processing is adopted, manufacture of an infrared sensor is easy and can be 
produced in cost and cheaply. 



[Translation done.] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



9/17/2007 



